ABSTRACT
I. INTRODUCTION AND STATEMENT OF THE PROBLEM
any in science policy have worried about the perceived insufficiency in the number of persons pursuing advanced degrees in science and engineering.
1 Our interest in this topic was stimulated by the writings of Teitlebaum (2001 Teitlebaum ( , 2003 who, like some others (Butz et al. 2002) , has questioned the proposition that there is a shortage in these fields. Indeed, recent data from the National Science Foundation (Fiegener 2015) indicates 2013 saw the highest number of research doctoral degrees awarded in the history of the Survey of Earned Doctorates at 52,760.
Teitlebaum argued that the conventional solution proposed to alleviate the alleged shortage is "profoundly misdirected" by focusing on supply rather than demand. He reasoned that a larger number of our brightest students would pursue graduate study in science and engineering if careers in these fields were more attractive relative to alternative careers, noting that professional training generally offers higher earnings with a shorter degree-completion time. Teitlebaum also recognized that income is not the only motivator and that careers in science and engineering have non-economic rewards that are appealing to some. However, neither Teitlebaum nor anyone else has systematically measured and compared these non-economic rewards relative to alternatives after controlling for undergraduate degree field.
II. PREVIOUS RESEARCH
The existing body of research on job satisfaction has produced some consistent findings.
3 Job satisfaction is inversely correlated with quit rates and absenteeism (for example Clark & Oswald 1996) . Age and job satisfaction are related quadratically; i.e., job satisfaction tends to be highest for younger and older workers, and job satisfaction decreases as average weekly work hours increase (for example Vila & Garcia-Mora 2005) . Non-union workers and less-educated workers have higher job satisfaction (for example Belfield & Harris 2002) . Female job satisfaction exceeds males (for example Sousa-Poza & Sousa-Poza 2000) . The evidence regarding job satisfaction and race is very inconsistent, although most studies find insignificant effects after statistical controls (Clark & Oswald 1996) . A somewhat surprising finding is a lack of strong association between pay and job satisfaction, although evidence suggests that being "overpaid" compared to expectations, and not absolute income, produces satisfaction (for example Groot & van den Brink 1999) .
The literature on job satisfaction for holders of doctoral degrees is meager. Using the 1997 Survey of Doctorate Recipients, Moguerou (2001) examined a number of job satisfaction determinants for all PhD fields and obtained some notable results: female PhDs had lower job satisfaction than their male counterparts, and the earnings of PhDs had a clearly positive effect on job satisfaction. Sloane and Ward (2001) studied academics at five Scottish universities and found salary impacts job satisfaction mostly in a subjective way; that is, salary had an important effect when measured relative to what individuals felt they deserved. Sabharwal and Corley (2009) examined gender and disciplinary differences in faculty job satisfaction using the 2003 Survey of Doctorate Recipients and found female faculty had either the same or higher levels of satisfaction when appropriate control variables were included in the analysis. Heywood (2006, 2011) published two papers examining job satisfaction of STEM PhDs. Their 2006 paper found higher job satisfaction in the academic sector was explained by tenure, and non-tenured academics were no more satisfied than PhDs in the government and private sector. Their 2011 paper examined the effect of educational mismatch (worker education not well matched with job requirements) and found that mismatch and lower job satisfaction occurred more frequently late in one's career.
Space does not permit a review of all the studies of job satisfaction of attorneys, physicians, and other health professionals; however, a study of income and job satisfaction among law graduates of the University of Michigan is noteworthy. Dau-Schmidt and Mukhopadhaya (1999) found that law graduates working in education reported the highest levels of job satisfaction, even though their earnings were below the average of other law graduates.
III. METHOD AND DATA
The objective of this paper is to compare recipients of advanced degrees using the following criteria: pecuniary returns (salary and internal rates of return to education) and non-pecuniary returns (job satisfaction). We begin with a tabular view of the differences in pecuniary and non-pecuniary returns to STEM baccalaureates who received advanced degrees in various fields. The analysis is extended with a multivariate regression model examining the factors affecting job satisfaction. Finally, we use the Oxaca decomposition technique to compare job satisfaction effects for STEM PhDs in job settings typical of professional fields.
The data for this analysis are from the 2003 National Survey of College Graduates (NSCG), a post-census stratified sample of all respondents in the US 2000 census who indicated they had a college degree. These data have several
The sample was restricted to individuals who received a bachelor's degree in one of the following areas: life sciences, physical sciences, mathematics and computer science, and engineering. This restriction at least partially controls for differences in preferences associated with undergraduate degree field. Also, it allows for a more accurate comparison of earnings differences between STEM PhDs and the professional fields.
4 Because our population of interest is potential members of the STEM PhD workforce in the US, the sample was further confined to full-time employed workers who received a STEM baccalaureate degree from a US university. These restrictions resulted in a total sample of 6,810 records that, when weighted, yields 1,543,242 workers (except where noted, all statistics reported in this paper are weighted). Within both the education and government sectors, STEM PhD earnings exceed those of other fields except medicine; in the business sector, STEM PhD earnings exceed those of other fields except medicine and law. This suggests employment sector explains much of the earnings advantage of professional degrees over STEM PhDs. Earnings data only capture benefits and not costs associated with obtaining advanced degrees. Table 2 presents estimates of lifetime training costs, net benefits, and internal rates-of-return associated with the degree fields of interest. Because the population under consideration all possess high-paying STEM baccalaureates, a major cost is foregone earnings while in graduate or professional school. Thus, the extensive training period for the STEM PhD makes it an inferior economic investment compared to other degree fields. 15.6% a STEM PhD graduate programs are assumed to provide support for students sufficient to generate $15,000 in net income in year one and increasing at a real rate of 2 percent per year, hence negative direct training costs. b Costs and foregone earnings are assumed to increase during training; these are annual averages for exposition. c Medical residency is considered a training cost. This is estimated as the difference between median baccalaureate earnings and residency earnings. These estimates are based upon median earnings by age for the degree fields of interest and for baccalaureate STEM recipients. For example, the 2003 NSCG data indicate baccalaureate STEM degree recipients had median earnings of $39,200 in their first year, increasing to $55,700 in year seven. Averaging these median earnings by year produces $47,800 per year lost for seven years while a student is pursuing a STEM PhD. Assuming a 40-year horizon to retirement from receipt of baccalaureate, the PhD will have a 33-year window to accrue benefits to this 7-year training period. During those 33 years a STEM baccalaureate would have earned a total of $2,317,300; the PhD earnings are $2,760,700 for net economic benefits of $443,400. Calculating the internal rate-of-return (IRR) produces an estimate of 2.5 percent for the STEM PhD. This low IRR is comparable to a government bond. All other degree fields produce far superior IRRs. The MBA and engineering MS have an IRR exceeding 14 percent, primarily due to relatively low training costs.
Pecuniary Rewards
Some sensitivity analysis was performed with these models. Because the majority of training costs are generated through foregone earnings, changing direct costs had only small effects on the IRR. Extending the working life to 45 years likewise had very small effects on the IRR. The model assumes that time-to-degree for the PhD is seven years; lengthy time-to-degree is seen by some as a major deterrent to increasing the PhD supply. Reducing time-to-degree to six years would reduce training costs from $229,600 to $184,100 and add one year of earnings increasing the IRR for a STEM PhD from 2.5 to 3.6 percent. While this is a substantial improvement, the IRR for a STEM PhD still lags considerably behind the other degree fields.
Non-Pecuniary Rewards
The NSCG asked respondents to rank 10 job satisfaction characteristics using a four item Likert scale of "very satisfied," "somewhat satisfied," "somewhat dissatisfied," and "very dissatisfied." Table 3 contains the ratio very satisfied with their job by advanced degree and employment sector. Overall, the ratio of STEM PhDs who are very satisfied with their jobs is .558, which exceeds all other degree fields except professionals with medical degrees. The difference in job satisfaction between STEM PhDs and law degree recipients is statistically insignificant. Medical professionals attain substantially higher rates of job satisfaction compared to other careers by a wide margin. The exception is the government sector where no significant difference exists between STEM PhD's and medical degree recipients' job satisfaction. When one disaggregates by employment sector, most significant differences between degree fields vanish. This implies that the superior job satisfaction of STEM PhDs is partially driven by sector of employment. Academic and government workers have relatively higher rates of job satisfaction than business workers and, as shown in Table 1 , approximately two out of three STEM PhDs are employed in these sectors. Table 4 contains job satisfaction information regarding various job attributes by degree field. The NSCG queried each respondent as to the level of satisfaction with 9 separate job characteristics (e.g., "Thinking about your principal job, please rate your satisfaction with that job's salary"). For example, 70.8 percent of STEM PhD recipients indicated they were very satisfied with the degree of independence of their jobs; only 32.1 percent indicated they were very satisfied with the advancement opportunities of their job. STEM PhDs have the highest job satisfaction with the degree of independence in their job, followed by intellectual challenge and level of responsibility. With the exception of medicine, workers with all degrees rank "degree of independence" as the job attribute that produces the most satisfaction; all workers tend to rank salary and advancement opportunities low. Medical professionals have higher job satisfaction than STEM PhDs in every dimension of their jobs, and they are most satisfied with their job's perceived contribution to society. This statistic exceeds any job satisfaction attribute in the other degree areas by a large margin (Engineering MS degree holders were least satisfied with opportunities for advancement; this is the smallest statistic in table 4). Salary satisfaction rates low for all degree recipients; it is interesting to note medical degree holders (the highest paid, see Table 1 ) are the least satisfied with their salaries. There is a remarkable similarity in the ordinal rankings for STEM PhDs and those with law degrees.
Models of Overall Job Satisfaction
Job satisfaction is related to the entire "bundle" of job attributes. Previous research has shown worker characteristics (e.g., gender, age, marital status) also have significant effects on how individuals rate their job satisfaction. We estimate logistic regression models to examine how these variables determine overall job satisfaction and to analyze differences between degree fields.
The dependent variable in these models is a binary variable equal to 1 if the worker reports very satisfied and equal to 0 if the worker reports any other level of job satisfaction (somewhat satisfied, somewhat dissatisfied, very dissatisfied). Ordered logit and probit models were also estimated using all four job satisfaction categories but we settled on a dichotomous-dependent variable specification because there were no important differences in the main conclusions, which is easily explained by the fact that about 93 percent of all STEM PhDs fell into either the very satisfied or somewhat satisfied category, and the results are easier to interpret.
Explanatory and control variables were chosen based upon data availablility and previous work on job satisfaction. Demographic variables included sex, race, age, disability status, marital and family status, and citizenship status. Employment variables included weekly hours, supervisor status, firm size, employment sector (government, academic, private), primary work activity (research, teaching, management, computer-related, other), and how closely workers perceived the relationship between their degree and job. Tenure status was included for persons in the academic sector. Education attainment variables included the five degrees: STEM PhD, medicine, law, MBA, and MS in engineering.
The effect of income on job satisfaction was captured in two ways. The variable "lnsalary" is the natural log of earnings and captures the absolute effect of earnings on job satisfaction. Because previous research (e.g., Groot & van den Brink 1999) has found that relative salary is an important determinate of job satisfaction, we also included a binary variable "overpaid" that indicates whether the worker had earnings greater than one would expect given worker and job characteristics. To calculate this variable, log-linear regression models were estimated for each degree field and used to estimate expected earnings. The log-linear model variables included employment sector, firm size, worker job type, worker demographic characteristics, hours, and region. The overpaid variable equals 1 when the worker's actual salary is greater than expected given observed worker and job characteristics, and zero otherwise. Table 5 contains the estimated coefficients (in a few cases, variables were dropped when there were insufficient observations in the category). An unrestricted model was estimated combining data for all degree fields, with dummy variables to control for degree fields, and specifying STEM PhD as the excluded category. Restricted models were then estimated for each of the advanced degrees under consideration. The first two columns in Table 5 detail the estimation results of the unrestricted model for all advanced degree fields combined (All Fields) and for STEM PhDs. While results for the other degree areas are included in Table 5 , the following discussion focuses on the models for All Fields and STEM PhD's because these are the areas of primary interest. All models were significant except the medical model. The salient finding is that once one controls for job and worker characteristics, the job satisfaction of STEM PhDs does not differ significantly from that of the other advanced degree recipients examined. Some key results are as follows: Gender does not significantly affect satisfaction with one's job. Advanced degree recipients who were Asian, black, or other races, reported significantly less satisfaction than non-Hispanic whites (the excluded category). Race is an insignificant determinant of job satisfaction for STEM PhDs. Career age (years since degree) has the expected convex relationship, which significantly affects job satisfaction in all degree fields except law. Having a physical disability significantly reduced job satisfaction for the unrestricted model and in all individual degree areas except engineering. Advanced degree recipients who were married had significantly higher job satisfaction than unmarried for the unrestricted model, but this did not hold for STEM PhDs. Neither the presence of children nor US citizenship status significantly affects job satisfaction. The lnsalary coefficient indicates absolute earnings have a significant and positive effect on job satisfaction for the unrestricted model; however, the effect of earnings was insignificant for STEM PhDs. As expected, the variable overpaid is significant and positive in both models. Working as a supervisor did not significantly affect job satisfaction from other advanced degree workers except in the unrestricted and medical degree models (although the effects are opposite). Workers in small firms or institutions (variable firmLT500) indicate significantly higher satisfaction compared to firms of 500 or more employees for the total model, but not for STEM PhDs.
The unrestricted model indicates the effect of degree field on job satisfaction. All of the advanced degree variables are statistically insignificant implying STEM PhDs (the excluded category) do not have significantly higher job satisfaction ceteris paribus. On the other hand, advanced-degree recipients who work in the government and academic sectors have significantly higher job satisfaction than those in the business sector (the excluded category). When combined with the descriptive data in Table 3 these results suggest that differences in job satisfaction between advanced-degree recipients are driven more by the sector of employment than the degree field. This finding is consistent with Teitlebaum's demand-side analysis.
To test this further, the unrestricted model described in Table 5 was reestimated with the employment-sector and tenure-related variables omitted. 5 All of the degree field coefficients became significant at a 1 percent level except law, which was insignificant. The coefficient for medicine became significantly positive; the other degree field coefficients were negative. This finding is consistent with those of Bender and Heywood (2006) and Dau-Schmidt and Mukhopadhaya (1999) . Bender and Heywood (2008) found that overall higher job satisfaction of STEM PhDs was explained by tenured academic positions which produce very satisfied workers. Dau-Schmidt and Mukhopadhaya found that law degree recipients working as professors had higher job satisfaction than law degree recipients working in other settings.
Three variables related to tenure (tenure track, not tenure track, and tenure not applicable) were included in the model to test for tenure effects on job satisfaction (tenure being the excluded category). None of these are significant in the unrestricted model; "tenure not applicable" is significant and negative in the STEM PhD model.
Five variables examining primary job activity were examined: primary activity computer-related, teaching, management, other, and research (the excluded category). These job activity variables had no significant effect on job satisfaction in the STEM PhD model. The NSCG survey queried workers regarding how closely their degree matched their work with three responses possible: closely related, somewhat related, or not related (excluded). In the total model, employees whose work is closely related to their degree had significantly higher job satisfaction than those who indicated job/degree were not related. In the STEM PhD model, job/degree mismatch produced no significant effects on job satisfaction.
Estimating Job Satisfaction
Comparing job satisfaction across degree fields is complicated by the fact that individuals self-select into degree fields based upon career preferences. For instance, the percentage of very satisfied professionals with a medical degree is 68.9 percent; the same statistic for STEM PhDs is 55.8 percent (Table 3) . One cannot assume 68.9 percent of STEM PhDs would be very satisfied had they gone into medicine.
Would the job satisfaction of STEM PhDs increase or decrease if they switched jobs from a tenured academic position to become a practicing physician or a business manager? The STEM PhD model indicates how individual job characteristics (e.g, salary, weekly hours, primary work activity) affect job satisfaction for a STEM PhD. One approach to examining this question is to hold a worker's job satisfaction function (as estimated in Table 5 ) constant and vary the bundle of job attributes to match those found in other fields. 6 This approach provides an estimate of the level of job satisfaction that would be obtained by a STEM PhD working in a job having the characteristics found in other fields. Using the preference functions from Table 5 , we can decompose job satisfaction into differences in the characteristics of jobs and differences in the way these job characteristics determine job satisfaction. Table 6 shows the results of evaluating the STEM PhD equation from Table 5 at alternative sets of job characteristics.
The assumptions in the table are based upon representative characteristics for each of the job bundles estimated from the NSCG data. All demographic variables were fixed at the indicated levels. If a typical tenured, academic STEM PhD were to switch jobs with a physician there would be major changes in his or her job characteristics: a large increase in income, the loss of tenure, a small increase in weekly hours, a change in work activity, and a change in firm size. When the STEM PhD job satisfaction equation is evaluated at the job attributes of an MD, the probability of a representative individual feeling very satisfied is only 28.1 percent, far below the 55.4 percent value predicted for a tenured, academic STEM PhD (Academic 1). The story is much the same when evaluating the STEM PhD equation at the job characteristics associated with the fields of law, MBA, and engineering MS-i.e., we observe large drops in the predicted probability that the representative worker would be very satisfied. The results shown in Table 6 clearly indicate why individuals choose to pursue a STEM PhD degree despite the relatively meager economic returns. Given the preferences of these individuals, the PhD allows access to jobs that produce large amounts of satisfaction. It is noteworthy how little earnings affect satisfaction for STEM PhDs. Earnings for law and medicine are over twice those of tenured STEM PhD academics and yet when we consider the entire bundle of job characteristics associated with these fields, the probability of a STEM PhD being very satisfied drops by about half.
The results also indicate academic research positions are the preferred jobs for STEM PhDs. The estimated probability of a person with STEM PhD job preferences being very satisfied in an academic research position ranges from 44.1 to 55.4 percent, depending on tenure status. The probability of the same person being very satisfied in the business sector doing research is only 24.9 percent, and it is similarly low for other sets of job characteristics: medicine, 28.1 percent; law, 27.4 percent; MBA, 31.4 percent; and Engineering, 26.8 to 30.2 percent. Finally, the simulations provide a strong illustration of the value of tenure. While academic STEM PhDs who have tenure (Academic 1) or are on a tenure track (Academic 2) have a relatively high probability of being very satisfied, the predicted value drops substantially for those who are not on tenure track (Academic 3).
IV. CONCLUSION
The objective of this paper is to determine the validity of Teitlebaum's analysis and conclusion that future STEM PhD supply will be largely determined by the availability of attractive job openings. Our findings largely support this analysis. Tenured academic positions produce a high level of job satisfaction regardless of degree field and the STEM PhD provides greater access to these positions than the other advanced degrees considered. The job satisfaction of STEM PhDs working outside the academic sector is similar to that of other fields, without the superior economic rewards.
What does this mean for those concerned about attracting more students to graduate programs in science and engineering? The inferior economic returns from investing in a STEM PhD degree compared with alternative professional degrees are well known, and have been cited as a deterrent to getting more college students to choose STEM careers. However, it turns out that earnings are not that important. The job satisfaction experienced by STEM baccalaureate recipients who obtain STEM PhDs is generally higher than the job satisfaction experienced by STEM baccalaureate recipients who obtain MS engineering, law or MBA degrees. While prospective STEM baccalaureate students considering a STEM doctoral program might still choose one of these alternatives primarily because the period of study is substantially shorter, this benefit must be weighed against a career of lower job satisfaction. In any case, our results indicate that economic returns are not the main factor involved in this choice.
Medicine is a different story. Medicine degree recipients are in the enviable position of having the highest median earnings as well as the highest levels of job satisfaction of any of the groups examined in this study. While the simulation reported in Table 6 can be used to make the case that the typical STEM PhD would experience lower levels of job satisfaction if he or she were to trade jobs with the typical MD, not everyone is "typical." There are those at the margin who may be undecided between an STEM PhD versus a medical program of study. Surely, the higher earnings and job satisfaction of medicine has influenced the choice for this group. However, statistics on degree awards by field of study (US Department of Education 2014) indicate that although there has been substantial growth in total professional degrees awarded in the past decade, the growth in MD degree awards has been modest. The simple explanation is that there are relatively more openings in STEM PhD programs than in medical schools.
In terms of job satisfaction, it is difficult to find a better career choice than a tenured academic position in science and engineering. As Teitlebaum suggested, the availability of these positions in the future will likely have a large effect on future STEM PhD degree production. Recent trends in higher education are troubling in this regard. Estimates by the authors using data from the Survey of Doctorate Recipients indicate the percentage of new STEM PhDs (doctorate awarded in last 10 years) who are tenured or on tenure track fell from 22.3 to 18.9 over the 10 year period from 2003 to 2013, a 15 percent decline. It is likely that this decline is related to the growth in part-time and adjunct postions. If these demand-side trends continue, it will likely depress future STEM PhD production.
